The mammalian interspersed repetitive (MIR) element was amplified in mammals 130 million years ago. The MIR element is at least 260 bp in length and is found in -105 copies in the mammalian genome. We analyzed copies of the MIR element in the DNA of various mammals to determine its relationship to the structure and function of genes, in an attempt to identify specific uses of the MIR element within the mammalian genome. We found that alternative splicing within the acetylcholine receptor gene in humans takes place within the MIR element and results in the incorporation of part of the MIR element into the coding sequence of this gene. Furthermore, the polyadenylation signal (AATAAA) at the 3' end of four different mammalian genes is derived from the MIR element. These uses of the MIR element suggest that other regulatory sequences found within the mammalian genome originated from ancient transposable elements, many of which may no longer be recognizable.
INTRODUCTION
Transposable elements have had a large influence on evolution of the mammalian genome through insertion mutations, by influencing the rate of recombination and by the distribution of sequences that can be used for various purposes (1,2). Sequences from retrotransposons or endogenous retroviruses have been used as transcriptionaJ regulatory sequences (2-7), polyadenylation signals (8) (9) (10) or RNA splice sites (11) . Much of what is known about the utilization of sequences derived from retrotransposons in the mammalian genome has been deduced from insertions that have occurred in the relatively recent past. Although it is safe to assume that retrotransposons have played a similar role throughout evolution, the mutation of earlier retrotransposons makes their identification more difficult Recently, a new class of short mammalian interspersed repetitive (MIR) element was characterized (12) (13) (14) (15) (16) . The MIR element was amplified within the genome of early mammals 130 million years ago (15) . Because of their age, the number of MIR elements within the mammalian genome is difficult to determine, but the estimate is more than 10 5 copies (15, 16) . The high copy number and age of MIR elements make them an excellent subject to investigate the role of transposable elements in the evolution of the mammalian genome. We analyzed copies of the MIR element in the DNA of various mammals to determine its relationship to the structure and function of genes, in an attempt to identify specific uses of the MIR element within the mammalian genome.
MATERIALS AND METHODS
The GenBank and EMBL databases were scanned by using both the FASTA and BLAST search programs. Sequence comparisons were performed by using programs developed by the University of Wisconsin (17) .
RESULTS AND DISCUSSION
The consensus sequence for the MIR element was originally reported to be -70 bp in length (12, 13) . A more recent analysis showed that it is much longer, containing at least 260 bp (16) . The central core of the MIR element is much more prevalent in the mammalian genome than either of the ends (12, 13, 16) . As a result, it has been proposed that this central core region has been conserved, suggesting that mammalian cells have found a use for this sequence (12, 16) . However, another study showed that the MIR element is no more conserved than surrounding intron sequences (13) and therefore the exact role, if any, of this sequence in the mammalian genome is unclear.
We analyzed MIR elements at specific locations in the DNA of various mammals to determine whether changes that occurred during evolution might reveal possible functions associated with MIR-derived sequences. One such analysis involved the acetylcholine receptor gene in human, monkey, dog and cat, all of which contain the same MIR element (Fig. 1 ). The comparison of this MIR element between human and dog or cat demonstrates that the degree of homology (-70%) is similar to MIR elements at other orthologous loci, which has led to the conclusion that most MIR elements are not conserved (13, 15) . However, the acetylcholine receptor gene in humans has gained an additional exon (18) , using a new splice site that occurs within the conserved core region of * To whom correspondence should be addressed the consensus sequence (Fig. 1) . The presence of the MIR element, like other transposable elements (11), can therefore influence RNA splicing. In addition, as a result of the alternative splicing, -26 bp of the MIR element has been incorporated into the coding region of this protein. This analysis shows that the MIR element has been used for protein evolution, as shown previously for Alu sequences (19) . No other instances of the involvement of the MIR element in splicing were observed, suggesting that this is not a common occurrence and is therefore not likely to explain the prevalence of the central core sequence of the MIR element in the mammalian genome. The 3' end of the MIR consensus sequence (16) demonstrated homology to the 3' ends of four cDNA sequences (Fig. 2) . The genes for two of these cDNAs, the human beta-tubulin (T16319) and sheep foUitropin receptor (SHPFOLR), have been characterized (20, 21) . Two other cDNAs have not been characterized; however, these appear to be the actual 3' ends of these transcripts. For one of them, three separate clones have identical 3' ends (T16421, Z38852, F01438), while two separate clones of the other have 3' ends that vary in length by 5 bp (FO4581, T52700). The 3' end of the MIR element contains a polyadenylation signal (AATAAA) that is conserved in all four of these cDNAs. The AATAAA sequences in these cDNAs are located 13-23 bp from the 3' end, corresponding to the expected position (10-30 bp from the 3' end) of the polyadenylation sequence for mRNAs (22) . The AATAAA sequence from the MIR element therefore has been used as the polyadenylation signal for these genes. The presence of this sequence within four different genes suggests that its use for polyadenylation is not uncommon. The end of the MIR element containing the polyadenylation signal has been shown to be more prevalent in the mammalian genome than other portions of the MIR element (16) . The prevalence of this end of the MIR element could indicate that this region is being conserved; however, another possible explanation is that this portion of the MIR element is also present within another repetitive element (16) .
Our analysis clearly demonstrates that sequences from the MIR element, like other retrotransposons or endogenous retroviruses, have been used for specific functions within the mammalian genome, including coding sequences. This observation is consistent with the hypothesis that, although retrotransposons may originate as 'selfish DNA', their use within the mammalian genome may play an important role in evolution (1, 2, 23) . The importance of the contribution of the MIR element or other transposable elements to the function of the mammalian genome is unclear. We found that only small regions homologous to MIR were being used, suggesting that similar sequences derived from this or other, older retrotransposons may be present but virtually unrecognizable. Many of the coding, structural or regulatory sequences interspersed within the genome may therefore have been derived from ancient transposable elements.
